Platelet rich fibrin (PRF) is an autologous healing biomaterial composed of a fibrin clot matrix entrapping leukocytes, cytokines, living progenitor cells, and platelets capable of releasing various growth factors harvested from a simple blood sample. OBJECTIVES: The aim of this experimental study was to evaluate the effect of PRF on angiogenesis during the periodontal regeneration of surgically created grade ΙΙ furcation defects in dogs. MATERIALS AND METHODS: A split mouth design was carried out using the third and fourth mandibular premolars of 2 healthy mongrel adult dogs. A total of eight grade II furcation defects were surgically created. The defects in the study side were augmented with PRF mixed with a β-TCP and covered by a PRF membrane and a collagen membrane. In the control side the defects were augmented with β-TCP and covered with a collagen membrane. The dogs were sacrificed after 1 and 2 months. Samples were dissected and prepared for histological evaluation.
INTRODUCTION
Angiogenesis is the formation of new blood vessels inside the wound. It underlies the success of tissue healing and regeneration, as the newly formed blood vessels are crucial in the delivery of oxygen, nutrients, and important cells from nearby tissues in the hypoxic microenvironment of healing wounds (1) . This is essential in the healing of long bones as demonstrated by Wang et al; (2) as they observed that the improving of angiogenesis by shock waves remarkably improves the union of fractured bone. In another study Wang et al; (3) observed the critical role of vascular endothelial growth factors (VEGF) in the regulation of angiogenesis and osteogenesis in the healing of bone fractures in rabbits.
Various growth factors are stored in platelets and are released upon platelet activation giving the platelets a crucial role in wound healing and regeneration of injured tissues besides their haemostatic functions. Thus the use of platelets concentrates was proposed to promote tissue healing and periodontal regeneration (4) . Two generations of platelet concentrates were used to enhance periodontal regeneration. The first generation includes platelet rich plasma (PRP) production protocols, while the second generation is the platelet rich fibrin (PRF) (5) .
PRF was first developed by Choukroun (6) in 2001who defined PRF as an autologous healing biomaterial made of a matrix of an autologous fibrin clot entrapping leukocytes, cytokines, living progenitor cells, and platelets capable of releasing various growth factors harvested from a simple blood sample.
Unlike PRP, PRF is obtained through a natural polymerization process without the addition of anticoagulants, giving a chance for a dense fibrin clot formation entrapping platelets and leukocytes. The platelets are also activated in a natural mechanism without the need of brutal activation with bovine thrombin, as with most PRP protocols, thus releasing growth factors and cytokines such as Platelet-derived growth factor (PDGF), vascular endothelium growth factor (VEGF), transforming growth factor-beta (TGF-β), insulin-like growth factors (IGF), endothelial Growth factors family (EGF), and brain-derived neurotrophic factor (BDNF) in a slow releasing mechanism during a period of 7 days or more after which the fibrin clot is disintegrated naturally by fibrinolysis (7) . Among the various growth factors released by platelets during the wound healing process VEGF were found responsible for regulating angiogenesis (3) .
The aim of this experimental study was to evaluate the effect of PRF on angiogenesis during the periodontal regeneration of surgically created grade ΙΙ furcation defects in dogs.
MATERIAL AND METHODS
Care and use of experimental animals was undertaken in accordance to the guidelines set by the ethics committee, faculty of dentistry, Alexandria university. Animal Selection: A total of 2 healthy adult mongrel dogs (Canis familiaris) about 18 to 24 months old and weighing between 18 to 24 kg were included in this study. The dogs had good systematic health with no gingival inflammation, and showed intact maxillary and mandibular teeth. The animals were adapted to the housing conditions 4 weeks before the study. Study design: A split mouth design was applied in this study. A total number of 8 surgically created acute type critical -sized grade II furcation defects were induced in the mandibular third (PM3) and fourth (PM4) premolars on both sides of each dog. The defects were divided into two groups each compromising 4 defects as follows:  Control group: the created defects where treated by using alloplast and then covered by a collagen membrane.  Study group: the created defects where treated by using alloplast mixed with PRF cuts and covered by a PRF membrane then by a collagen membrane. Materials: Bone substitute material (Alloplast): (Genesis BCP (™)) by Dio-implant, Korea) A biphasic calcium phosphate composed of Hydroxyapatite (60%) and Beta-Tri-CalciumPhosphate (Beta-TCP) (40%). With 70% macropores (100 to 500 µm) and 30% micropores (≤10 µm). Collagen Membrane: (Biocollagen collagen membrane by BioTECK, Italy) Type 1 lyophilized equine collagen from Achilles tendon (25 x 25 x 0.2 mm). Platelet Rich Fibrin (PRF): PRF was prepared as follows (8): About 10 ml of venous blood was drawn from the cephalic vein of each dog, and immediately divided into 2 plains (anticoagulant free) glass blood collection tubes each of 5ml. Both tubes were centrifuged immediately. Blood samples were centrifuged using a tabletop centrifuge for 10 min at 3000 rpm. (Figure 1 ) After centrifugation, the resultant blood samples were divided into three layers:  The top most layer consists of acellular platelet poor plasma.  The middle layer consists of PRF or fibrin clot.  The bottom layer consists of Red blood cells.
Each fibrin clot was gently removed from the test tube and any excess was removed by using sharp scissor. One fibrin clot was cut into small pieces and mixed with the bone graft substitute material in order to fill the 2 created defects in the test side. The other fibrin clot was used to obtain the PRF membrane. The fibrin clot was gently squeezed between two sterile pieces of gauze soaked in saline thus to squeeze out the serum and form the PRF membrane. The resultant membrane was further cut into two halves with a pair of sharp scissors to cover the 2 created defects in the test side. Surgical procedures: All surgical procedures were performed under general anesthesia using intramuscular injection of 0.1 ml ketamine hydrochloride (Ketamine10%® by Alfasan, Holland.) and 0.05 ml xylazine hydrochloride (Xyla-ject® by Adwia co. S.A.E., Egypt.), for each 100mg body weight. Creation of Grade II furcation defects: Infiltration anesthesia using 2% xylocaine/epinephrine (Artinibsa® by Inibsa, Spain.) was administered at the surgical site. Sulcular incisions were performed using Bard Parker blade number 15, and then a mucoperiosteal flap extending from PM2 to M1 was elevated. The alveolar bone buccal to the furcation area was removed using carbide burs on a low speed micro-motor under copious saline irrigation to expose the roots of the experimental teeth. Then grade II critical sized furcation defects were created in the furcations of PM3 and PM4on either sides of the mandible. The dimensions of the defects were measured using a periodontal probe with Michigan O with Williams' calibration (Kohler ® Medizintechnik GmbH & Co., Germany) the dimensions of the resultant critical size created grade II furcations defects were as follows: A 5mm in the vertical component (distance from the furcation fornix to the base of the defect) and 4mm in the horizontal component (distance from the buccal surface to the internal wall of the furcation). Root planing was performed on all exposed root surface using manual curettes. After the creation of the defects was completed, reference notches were created on both roots (at the most apical part of each root in relation to the base of the defect) to determine the region of interest (ROI) (9) . Management of the defects: Root conditioning was carried out using tetracycline (Tetracid® by Chemical industries development CID, Egypt) soaked cotton pellets in order to modify the root surface to enhance connective tissue reattachment. In the control side (left side), the defects were augmented with alloplast and then covered by collagen membrane (Figure 2) . While. In the study side (the right side) the defects were augmented with Alloplast mixed with PRF cuts and serum exudates then covered with PRF membrane and collagen membrane. (Figure 3 ) Histological procedures The specimens were decalcified in 8 % trichloroacetic acid and processed to obtain 5 micron thick sections. These sections were stained with Harris Hematoxylin and Eosin Stain (H&E) for general examination and evaluation of healing (10) and with Gomori's trichrome stain to examine the new bone formation and collagen organization (11) .
Histological Results
At one month, both the study and the control samples showed the old bone trabeculae at the base of the defect covered by new bone trabeculae formation extending towards the bifurcation area while the rest of the defect was filled with granulation tissue. A distinct histological feature found in the study group specimens is the high vascularization evident by the presence of multiple blood vessel formation found in the study samples (Figure 3) .
At two months, both groups showed excellent bone fill with thick bone trabeculae, the bone trabeculae in both groups showed resting lines and abundant osetocytes with a lining osteoblastic layer. PDL fibers in both groups were well oriented containing many fibroblasts. However, the study group specimens showed higher evidence of vascularization by the presence of red bone marrow and more blood vessels entrapping RBCs within. (Figure 4 
DICUSSION
In this study, Grade II critical sized furcation defects were created in 4 mongrel dogs. A split mouth design was carried out in which the defects of the control side of each dog were augmented with β-TCP alloplast material and covered with a collagen membrane, while in the study side of the same dog the defects were augmented with a mixture of PRF cuts and β-TCP material covered with a PRF membrane then completely covered with a collagen membrane. After one and two months, tissue blocks containing the studied teeth with the surrounding soft tissue were obtained and examined histologically.
PRF was cut and mixed with β-TCP particles to be applied inside the created defects then covered by PRF membrane; collagen membrane was placed to completely cover the augmented defect. This technique of PRF application was also carried out by Bölükbaşı et al; (10) to maximize the contact between the defect walls and PRF from inside and from outside in order to maximize the effect of PRF. Although Bölükbaşı et al; (10) did not cover their created defects with collagen membranes we utilized collagen membranes in both groups to standardize the study approach, so any histological changes observed in either group will be attributed mainly to the role of the applied material only.
An important consideration during the use of PRF membrane was that it must be applied as early as possible after its separation and formation to ensure the maximum release of growth factors to the surgical site (11) and the produced exudate after the squeezing of the membrane can be used to hydrate the grafting material as it can be an additional source of growth factors, vitronectin and fibronectin (8) .
One clinical advantage of PRF material that appeared during this study was its adhesive property. This kept the particles of β-TCP together attaching them tightly to the walls of the cavity, also the PRF membrane placed was adherent to the collagen membrane. This adherence is thought to provide strong stabilization of the membrane which is a prerequisite for successful GTR procedures for the prevention of downward growth of the epithelium. Similar to our findings Yilmaz et al; (12) and Kökdere et al; (13) observed that PRF accelerates the healing effect by keeping the particles of β-TCP and autogenous bone graft, respectively, together and attaching them tightly to the walls of the cavity by their adhesive properties favoring regeneration.
Platelets are nucleate cytoplasmic fragments containing spherical or oval granules with diameters ranging from 200 to 500nm.They form intracellular storage pools of proteins including platelet-derived growth factor (PDGF), transforming growth factor (TGF), vascular endothelial growth factors (VEGF) and insulin-like growth factor (IGF) and others. Secretion of these proteins happen after the fusion of the granules with the platelet cell membrane after platelet activation; these proteins later bind to the transmembrane receptors of the target cells causing the repair or regeneration mechanisms to start (14) . Thus, it is believed that platelet concentrates can aid in a more predictable outcome when added to graft materials during various regenerative procedures (15) .
In this study the histological results showed a distinct difference between the control and the study groups, regarding vascularization. The study group revealed numerous blood vessels rich in RBCs in the granulation tissue of the specimens at one month and also at 2 months more blood vessels and red bone marrow were observed.
Uchida et al; (1) stated that angiogenesis "the formation of new blood vessels inside the wound" is crucial in the delivery of oxygen, nutrients, and crucial cells from nearby tissues in the hypoxic microenvironment of healing wounds, they also stated that vascular endothelial growth factors (VEGF) were found responsible for regulating angiogenesis in the healing of surgically induced holes in the bone of rats. This was in accordance with similar results obtained by Steinbrech et al; (16) as they also observed the crucial role of VEGF in angiogenesis during the healing of long bones.
Yoon et al; (17) also observed that after the immunostaining of VEGF in regenerating cranial defects in rabbits, VEGF intensity was consistently higher in the study group; in which PRF was used, than in the control group at all age points, leading to more red bone marrow formation. They concluded that these findings suggest the ability of PRF in promoting angiogenesis by the secretion of VEGF.
Our study also lies in accordance with a study conducted by Choukroun et al; (18) in which they observed that PRF plays a role in enhancing cellular proliferation in the early stages of healing only, but it was found effective in the revascularization of the graft by supporting angiogenesis when combined with freeze-dried bone allografts during sinus augmentation procedures reducing the time needed prior to implant placement.
From here we can conclude the positive effect of PRF on angiogenesis, thus the vascularization of the graft aiding in its survival and promoting the regenerative process.
CONCLUSION
Within the limitations of our study and according to our findings we can conclude that the addition of PRF to bone grafting material with guided tissue regeneration procedures shows a favorable effect as it facilitates the vascularization of the defect space, facilitating cellular events that are favorable for periodontal regeneration.
